Abstract Bullous pemphigoid (BP) is a common autoimmune blistering disease that can be complicated by autoimmune disorders. We describe a patient with BP who developed membranous glomerulonephropathy (MN). Proteinuria decreased during the clinical course as anti-BP180 antibody titers decreased. This finding suggested an association between the pathogenesis of these two diseases in terms of immunological disorders.
Introduction
Bullous pemphigoid (BP) is an autoimmune blistering skin disease that usually develops in elderly persons. The etiology of BP is associated with immunological abnormalities that are characterized by a chronic course of subepidermal bullous skin lesions with linear IgG and C3 deposition at the cutaneous basement membrane zone [1, 2] and frequently elevated serum basement membrane zone antibodies (BP180, 230) [3] . Patients with autoimmune diseases and malignancies often develop BP, and some are complicated by kidney diseases, such as membranous glomerulonephropathy (MN) [2] [3] [4] .
Here, we describe MN that developed in a patient with BP. Steroid therapy helped to decrease proteinuria and heal skin lesions while concomitantly lowering BP-specific autoantibodies.
Case
A man who had been diagnosed with impaired glucose tolerance in his early 60s developed chronic prurigo in his 70s and was hospitalized in his early 80s (June 2012) with nephrotic syndrome. The skin rash had worsened during April 2012, with tense blisters, particularly on the flexor side of the arms, the proximal thighs, and trunk. Around this period, leg edema developed and he gained 4 kg. A physical examination revealed obvious edema in the bilateral lower extremities and massive tense blisters, crusted eruptions, and edematous erythema over the extremities and trunk. Laboratory findings revealed low levels of total protein (5.3 g/dL) and serum albumin (1.7 g/ dL), high levels of IgM (1034 mg/dL) and IgE (5531 U/mL), and an IgG value of 1126 g/dL. Levels of IgG2, 3, and 4 were within normal ranges, whereas that of IgG1 was low (Table 1) . Urinalysis revealed severe proteinuria (5.6 g/day) and a selectivity index of 0.62. No findings suggested active infections or malignancies (Table 1) . A renal biopsy obtained on day 8 showed mild thickening of the capillary walls ( Fig. 1 ) and diffuse granular IgG (?), IgG2 (±), IgG4 (??), and C3 (±) deposits along the glomerular capillary loops (Fig. 2) . Deposits of IgG1 and IgG3 were undetectable. Electron microscopy showed small sub-epithelial deposits and mild thickening of the glomerular basement membrane (Fig. 3) . These findings suggested that MN (stage 1-2) was the cause of the nephrotic syndrome.
The cutaneous symptoms with tense blistering suggested an autoimmune bullous disease, such as pemphigus and BP. Drugs were not the cause of the bullous pemphigoid, because the patient was not under regular medication before admission. We measured antibodies to BP antigens 1 and 2 (BP230 and BP180, respectively) and desmoglein (Dsg) 1 and 3. Anti-BP180 antibody was significantly elevated at 76.6 U/mL (reference range, \9 U/mL), whereas other autoantibodies were undetectable. Therefore, the skin disease was diagnosed as BP, although a skin biopsy was unobtainable at the time as the blistering had worsened. Scores for erosions/blisters by bullous pemphigoid disease area index (BPDAI) indicated severe lesions, while urticaria/erythema and mucosal lesions were mild.
Oral prednisolone (PSL) was started at 30 mg/day (0.5 mg/kg/day) from day 15. The initial dose of PSL was decided based on disease activity by BPDAI and the fact that the patient was elderly. This therapeutic strategy effectively treated the BP and MN, while improving the proteinuria and cutaneous symptoms. Furthermore, proteinuria decreased as the disease activity of BP improved. Proteinuria decreased to 2.1 g/day by day 60 and was undetectable by day 320 (Fig. 4) . The anti-BP180 antibody titers on days 60 and 320 were 26.4 and 5.8 U/mL, respectively (Fig. 4) . 
Discussion
We described a patient who developed BP and MN. Bullous pemphigoid was diagnosed based on the presence of BP-specific antibodies and cutaneous symptoms. To clinically distinguish BP, pemphigus can be difficult. However, several studies have confirmed the disease sensitivity and specificity of a serodiagnosis of BP and pemphigus. Although anti-Dsg1 and 3 antibodies are a feature of patients with pemphigus, anti-BP180 and 230 antibodies are elevated in those with BP. In particular, anti-BP180 antibody reactivity is closely associated with BP, as it is detectable with absolute accuracy in almost all patients with BP [5] [6] [7] . Moreover, serum levels of anti-BP180 antibody correlate with disease activity [8] . Bullous pemphigoid has been associated with various renal lesions, and many studies have found that the severity of skin lesions parallels that of kidney disease. The occurrence of immune disorders involving two basement membranes of the skin and kidney is not merely coincidental [4] . The cutaneous phenomenon of BP does not always occur ahead of MN, and in fact, it sometimes arises secondary to MN [2, 4] .
Topically or systemically administered steroids comprise the foundation of treatment for moderate to severe BP and 0.5-1.0 mg/kg/day of PSL is often administered [9] . We systemically treated both BP and MN in the present patient with PSL (0.5 mg/kg/day). The initial dose was decided according to BP severity based on the BPDAI and in consideration of the patient being of advanced age. This dose was effective against both diseases. However, some cases of BP with MN have required higher doses of steroid than our patient or other types of immunosuppressants [3, 10] .
The pathological mechanisms of BP and MN seem alike, because deposition at the cutaneous basement membrane zone and the glomerular basement membranes is similar.
Electron microscopy of biopsy specimens identified purely sub-epithelial deposits in the present patient. These are more characteristic of primary, rather than secondary MN, in which immunoreactants localize on the mesangium and subendothelium as well as subepithelium. However, the findings in our patient were similar to those of MN that develops in patients with BP [2] [3] [4] . Thus, immunoreactant deposition on the glomeruli of patients with BP might not be the same as that associated with secondary MN.
More IgG4 than IgG2 was deposited along the capillary walls in our patient. Which IgG subclasses that were deposited along capillary walls were not estimated in previous studies [1] [2] [3] [4] , and thus, the typical deposition of IgG subclasses along the capillary walls in BP associated with MN has remained uncertain. Usually, IgG4 is predominantly deposited in primary MN, whereas IgG1, 2, and 3 are deposited in secondary MN [11, 12] . On the other hand, several studies have determined that the serum IgG subclasses of anti-BP180 antibody in patients with BP differ among the disease stages of BP [13] [14] [15] [16] . IgG1 is more prevalent in patients at the early stage of BP than IgG4, but IgG4 increases in patients with chronic BP. Ujiie et al. reported that autoantibodies to BP induced blister formation in the absence of complement activation and that IgG4 was predominantly elevated and associated with the induction of blister formation in BP [17] . Our patient developed MN secondarily to blister formation during the chronic stage of BP. Thus, the disease stage might influence the deposition of specific IgG subclasses in the capillary walls of patients with MN.
We could not localize anti-BP180 antibody along capillary walls. However, proteinuria decreased as the skin condition improved and levels of autoantibody to BP180 decreased. Thus, the two diseases might have been associated with the same immunological disorders involving the basement membrane as previously suggested [1] [2] [3] [4] . Sonia et al. speculated that several immunological mechanisms lie behind the two diseases, for example, circulating immune complexes of antibodies to BP that mediate secondary MN, such as lupus nephritis, immunological cross reactions to common epitopes in both cutaneous and renal basement membranes, such as Goodpasture's syndrome, and multisystem autoimmune triggering events that are associated with kidney disease [3] . Neonatal Fc receptor (FcRn) promotes the formation of sub-epithelial immune complexes [18] , and when combined with IgG, it allows the passage of IgG through the renal basement membrane; this is thought to play a key role in transcytosis within many organs and to maintain IgG homeostasis in the circulation [19] . Neonatal Fc receptor is associated with glomerulonephritis as well as BP [18, 20, 21] , and it has high affinity for IgG4 [22] . Thus, we speculated that the IgG4 of anti-BP180 antibody bound to FcRn was associated with immune reactions of podocytes in glomeruli during the course of autoimmune triggering events of BP in our patient. However, further studies are required to confirm an association between FcRn and BP related to MN.
Conclusion
Our findings of a patient with MN and BP suggest that these two diseases are associated in terms of immunological dysfunction.
